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A Case of Compensatory Regulation in the Regeneration 
of Hydroides dianthus. 



By 

Charles Zeleny. 



With 3 figures in text. 



^ingegangen am 28. Jannar 1902. 

In the course of a series of experiments on the regeneration 
processes of Polychaeta, carried on at the Marine Biological Labora- 
tory at Woods HoU, Mass. during the summer of 1901 I observed a 
case of regenerative substitution in the common Serpulid, Hydroides, 
of a kind which seems to be of relatively rare occurrence in ani- 
mals ^). It is well known that in this form as in some other Serpu- 
lids, the branchial crown, which projects from the opening of the 
calcareous tube, bears two opercula only one of which is functional, 
the other being reduced to a rudimentary knob-like structure. As 
has been frequently pointed out these opercula are undoubtedly 
modified branchiae. This is indicated not only by similarity in 
structure and position but also by the character of the opercula in 
related genera. In Salmacina all of the branchiae have terminal 
enlargements so that upon retraction the modified ends serve to close 
up the opening of the tube. In Filograna the opercular structure is 
confined to two branchiae of equal size which still retain the respi- 
ratory filaments. The condition in Hydroides dianthus is shown in 
Fig. 1 (a, b) and (d, d'). Fig. 1 (a, b) is a diagram showing the po- 
sition of the opercula and branchiae as seen when looking down on 
the anterior end of the animal. Fig. 1 [d] is a side view of the 



*) I wish to express my great obligation to Professor E. B. Wilson and 
to Professor T. H. Morgan for much valuable aid and kindly criticism in the 
conduction of the experiments and the interpretation of the results. 




1 



Digitized by 




Digitized by 



Google 



Digitized by 



Google I ^^^ 



Digitized by 



Google 



A Case of Compensatory Regulation in the Regenerat. of Hydroides dianthus. 601 

Diagram II. 
Operation on Functional Operculum (Set 1). 
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Abbreviations 



Fi » Original Functional Operculum. 
Ri ss Original Rudimentary Operculum. 
F2 = Resulting Functional Operculum. 
R2 = Resulting Rudimentary Operculum. 



The five specimens grouped together as set 2 were kept under 
observation for only a few days. Two of them were observed five 
-days after the operation and each showed the former rudimentary 
operculum well started in its further development, but there was a 
difiFerence as regards the old functional stalk. This stalk was al- 
ready detached in one specimen and a new bud was growing from 
the distal end of the stamp but in the other case the old stalk re- 
mained attached as before the operation. The former condition is 
represented in Fig. 2 (6, b'). 

The other three of the above five Hydroides were observed at 
the end of four days and all showed the former rudimentary oper- 
culum with a good start in development. The old functional stalk 
had broken off at the basal suture in all three cases and a new bud 
had started from the distal end of the stump. Fig. 2 (c, c') gives the 
regenerating opercula of one of the specimens. 

Diagram III. 
Operation on Functional Operculum (Set 2). 
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/ See Diagram II. 
Abbreviations : (Fi = Si indicates that the old Functional Stalk had not 
' dropped off. 
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Diagram V. 
Operation on Both Opercula. 



Namber i DaU \ Diite i Time i 

of Specimens | of Operation | of Obsenration | in Days I 



Dead 






Fi = S 
B, = r 



IX. 17. 1901 1 IX. 23. 1901 
IX. 20. 1901 1 IX. 26. 1901 



Total 6 



AW • ^. I See Diagrams II and III. 
Abbreviations < , ., , , . , , , 
( r, r', r^' «3s developing bud-1 



like Opercula. 



4. Operations in which the Animal was divided into two 
Parts by means of a Transverse Cut in the Thoracic Region. 
The transverse cuts were made in the region indicated in Fig. 2 (f), 
by the area included between the lines cc and dd\ The line ee' 
represents the place at which the great majority were divided and 
is so situated as to include about three thoracic segments with the 
anterior piece (a), the remainder going with the posterior piece (b). 
In the present paper we are concerned only with the changes that 
take place at the anterior end of the posterior piece b. The level 
at which the division was made had a great influence upon the 
rapidity of regeneration. If, for instance, the cut surface was near 
the anterior end in the neighborhood of cc the process of replace- 
ment of the lost parts progressed much more rapidly than if the cut 
was in the region dd'. On this account, and because of other diflfe- 
rences in the conditions, there was a great variety in the stages of 
development in which the regenerating opercula were found. Since 
it is necessary for our purpose to distinguish between the opercula 
that are still in the rudimentary stage and those which have grown 
beyond this stage, and since in the 57 normal specimens examined 
there were none with the rudimentary operculum showing any distinct 
circle of projections or serrations near its distal end, the presence 
or absence of such circle of projections may be taken as a diagnostic 
character. All those with the circle of projections will be classed 
as functional opercula and those without it as rudimentary ones. 
This arbitrary line of separation is of value because all those that 
have developed beyond the point named may be considered as pro- 
bably on the way to full development. 

In the large majority of the cases the regenerating oper- 
cula did not show the normal differentiation into a func- 
tional and a rudimentary one, but two fully developed 
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operoula resulted. The accompanying diagram (Diagram VI) gives 
a summary of the experiments. It shows that out of the 72 specimens 
operated on, 29 were alive at the end of 21 days. Of these eighteen 
showed both opercula developed beyond the rudimentary stage. 
Fig. 3 (a, a') represents one of these cases in which both opercula 
were fully developed and Fig. 3 (6, b') another in which the two were 
of unequal size and not fully developed. In five both opercula were 

Fig. 3. 




a 



a 



Sydroidii dianthus. a, a'. Two opercula as developed upon the anterior end of the posterior piece 
after division by a transverse cut in the thoracic region. Twenty-two days after operation (x 17). 
b, v. Opercula of unequal sice as developed upon the anterior end of a posterior piece eleven dajs 

after the operation (x 17). 

Still rudimentary and in five others one operculum was in the func- 
tional stage and the other in the rudimentary stage. In a single case 
there was a rudimentary operculum on one side and no operculum 
on the other. This last specimen showed no branchiae on the side 
where the operculum was absent. 

5. Observation of Normal Specimens to ascertain 
Presence or Absence of Progressive Changes. Several 
normal specimens were observed at intervals for ten days in order 
to ascertain whether there were any progressive changes in the 
opercula. In this instance the Hydroides were taken out of their 
tubes but were not otherwise disturbed. No changes of any kind 
were noticed in the opercula. 
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experienced in artificially tearing oflF the latter however indicates 
that loss due to injury must be of rare occurrence. A periodic loss 
due to organic change in the operculum itself is not thereby ex- 
cluded, though observations during a limited time showed no sign 
of such a change. Facts show that under normal conditions a state 
of equilibrium exists when one large and one small operculum are 
developed and the presence of the former directly or indirectly in- 
hibits the power of development of the latter. During regeneration 
the restraining influence is removed and the rudimentary operculum 
having already as it were accomplished a part of its development 
immediately goes forward to complete the process; the development 
of the aniage from the base of the old operculum being now in its 
turn inhibited by the presence of the larger one. This is of course 
not an explanation but only a restatement of the facts. The state- 
ment is however suggestive when the facts are compared with those 
occurring in the regeneration of the entire head, where, as described 
above, two functional opercula are developed. The equal size of the 
opercula in this case may be due merely to the fact that they develop 
at the same time; but whether this explanation is adequate cannot 
be proved until we know how the opercula develop in the embryo. 
It seems not impossible on the other hand that the failure to esta- 
blish the normal equilibrium in the regeneration of decapitated worms 
may be due to the fact that the cerebral ganglia are absent or in 
an undeveloped state while the opercula are forming. Further study 
is required to throw light on this question, but it is perhaps worth 
^hile to point out that the regeneration of two equal functional 
opercula in the decapitated worms shows some of the features of a 
reversion to the probable ancestral type with two functional opercula 
(as in Filograna) though the regenerated ones show no branchial 
filaments. 



Summary. 

The results obtained may be grouped as follows: 

1) In normal specimens of Hydroides dianthics there is one 
functional and one rudimentary operculum. The functional may be 
on the right side and the rudimentary on the left or vice versa. 

2) When the stalk of the functional operculum is cut in two 
distal to the basal suture, the rudimentary operculum begins to de- 
velop very soon and finally reaches the size of the former functional 
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the operation the buds on the rudimentary side are larger than those 
on the functional side. 

5) When the body of the animal is cut in two in the thoracic 
region the regeneration at the anterior end of the posterior piece 
shows that in the majority of the cases the tendency is to produce 
two fully developed opercula, each resembling the original functio- 
nal one. 

6) Normal specimens show no progressive changes in the opercula. 
Department of Zoology, Columbia University, Oct. 18'^, 1901. 



Zusammenfassung. 

Die erhaltenen Resultate konnen in folgenden Satzen zuBammengefasst 
werden : 

1; Normale Exemplare von Hydroides dianthus besitzen ein funktionirendes 
und ein rudimentares Operculum. Das funktionirende kann sich auf der rechten, 
das rudimentare auf der linken Seite befinden oder umgekehrt. 

2} Wenn der Stiel des funktionirenden Operculums distal von der Basal- 
naht entzwei geschnitten wird, fangt das rudimentare Operculum sehr bald an 
sich zu entwickeln und erreicht schlieGlich die GriiBe des funktionirenden. 
Andererseits verschwindet der unmittelbar nach der Operation noch am Korper 
gebliebene Stielrest des Operculums im Verlauf einiger Tage und am distalen 
Ende des Stumpfes entsteht ein knospenahnlicher Auswuchs. Jedoch steht die 
Entwickelnng dieser Knospe bald still, indem sie auf dem Stadium des neuen 
rudimentaren Operculums jetzt ihrerseits verbleibt. Auf diese Weise besteht das 
schlieGliche Operationsresultat in einem Stellnngsaustausch der beiden Opercula. 

3j Wird das rudimentare Operculum nahe seiner Basis abgeschnitten, so 
hat das keinen merklichen Einfluss auf das andere, funktionirende. Das rudi- 
mentare Operculum beginnt sich sehr bald nach der Operation zu regeneriren. 
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4) Schneidet man beide, das fonktionirende und das radimentUre Operculum 
ab, so schlagt der Stengel des funktionirenden an der Basalnabt aus wie im 
yorigen Fall, in dem nur an dem funktionirenden operirt wurde, und neue 
Operculumknospen beginnen an beiden Seiten ihre Entwickelung. Vier Tage 
nach der Operation sind die Enospen an der Seite des ehemaligen rudimentftren 
Operculums grOOer als die auf der Seite des friiheren funktionirenden. 

5) Wird der EOrper des Thieres in der Thoraxregion durchschnitten, so 
zeigen die am Yorderende des hinteren StUckes auftretenden Regenerationsvor- 
gUnge, dass in der Mehrzahl der F^Ue die Tendenz zur Hervorbringung zweier 
vollentwickelter Opercula besteht, von denen jedes dem ursprUnglich funktio* 
nirenden fthnelt. 

6) Normale Exemplare zeigen keine fortschreitenden VerSndenmgen be- 
zUglich ihrer Opercula. 



ArchiT f. Entwickelongsmechanik. XIII. 
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